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Inhalation Toxicology Research Institute, Lovelace Biomedical and Environmental Research
Institute, Albuquerque, New Mexico
Large numbers of antibody-forming cells (AFC) can be identified with the Jerne plaque
assay In Immunized lung lobes of the beagle dog after localized instillation of particulate
antigen. Published data suggest that these AFC are secreting antibody and are respon-
sible for increased levels of specific antibody in immunized lung lobes. If AFC in the
lung are actively secreting antibody, there should be an increase in the number of
mature plasma cells in lung lobes exposed to antigen. The purposes of this study were
to evaluate the number of lymphold cells present In Immunized and control lung lobes
and to determine if lung immunization produces a localized Increase in the number of
plasma cells. Sheep red blood cells (SRBC), autologous dog red blood cells, and saline
were Instilled into specific lung lobes of beagle dogs with the aid of a fiberoptic broncho-
scope. Light and transmission electron microscopy studies of tissues from lung lobes
Instilled with SRBC showed perivascular Infiltrates and intra-alveolar accumulations of
lymphold cells which were not present In control lung lobes. The morphology of these
lymphoid cells ranged from small lymphocytes through mature plasma cells. From 5%
to 15% of the cells present in the interstitial tissues and alveoli of immunized lung lobes
were plasma cells. These observations suggest that lymphold cells which entered the
SRBC Immunized lung can mature to plasma cells which are probably responsible for
the local production of antigen-specific antibody.
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INTRODUCTION
The deposition of particulate antigen in selected air-
ways of single lung lobes of chimpanzees, cynomolgus
monkeys, and dogs with a fiberoptic bronchoscope has
been used to study the development of localized lung
immune responses [1-3]. The evaluation of cells and
proteins obtained in sequential lavages of immunized and
control lung lobes indicate that specific antibody-forming
cells (AFC) are found predominantly in the immunized
lung lobes, although some AFC are also present in lavage
fluid from control lung lobes [1-3]. Published data sug-
gest that these AFC are produced in the lung-associated
lymph nodes which receive lymphatic drainage from the
lung lobes exposed to antigen [4]. AFC leave the lung-
associated lymph nodes and enter blood, and in primary
immunizations, the blood appears to be the source of
AFC which accumulate in the lung lobes exposed to
antigen [5, 6]. These AFC enter predominantly into im-
munized lung lobes after a primary immunization by
nonspecific changes in vascular permeability produced
by antigen exposure [7].
The results of numerous studies have shown that a
localized production of antibody occurs in lung mucosal
tissues [8] . As indicated above, large numbers of AFC
are present in the alveoli and interstitial tissues of immu-
nized lung lobes. Published data suggest that these cells
are secreting antigen-specific 1gM, IgG, and IgA anti-
body [7, 9]. These data, and the presence of antibody-
secreting B lymphocytes in efferent lymph from antigen-
stimulated lymph nodes and in the blood of immunized
animals and man [10-13], all suggest that an important
part of the immune system includes the production of B
lymphocytes which can home to specific tissues. These
tissues include those which were originally exposed to
the immunizing antigen. Theoretically, B lymphocytes
enter these tissues, mature to plasma cells, and secrete
antibody locally to provide immune defense.
The Jerne plaque assay and the reverse hemolytic
plaque assay have been used to identify antigen-specific
AFC in the lung-associated lymph nodes, blood, and lung
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lavage fluid from animals and man [1-4, 6, 7, 9, 14-16].
The presence of AFC and increased total and specific
antibody levels in lung lavage fluid [17] supports the
concept of local antibody production. However, recent
data suggest that the use of sensitive hemolytic plaque
assays to enumerate AFC in lung lavage fluid may iden-
tify not only lymphoid cells which are actively secreting
antibody, but also cells which simply release preformed
antibody [18].
The identification of plasma cells by light microscopy
in interstitial lung tissues and alveoli of immunized lung
lobes suggests that cells capable of local antibody produc-
tion are present after immunization, and that AFC in lung
lavage represents a sample of these cells [5] . However, a
definitive identification of plasma cells can be made only
at the electron microscope level. Because of concern that
the identification of large numbers of AFC in lung lavage
fluid may represent a passive release of antibody rather
than localized antibody production, we used transmission
electron microscopy to evaluate the morphology of lym-
phoid cells in the interstitial tissues and alveoli of immu-
nized and control lung lobes of dogs and to determine the
numbers of plasma cells present. Data from this study
showed increased numbers of plasma cells in the intersti-
tial tissues and alveoli of immunized lung lobes at the
peak time of immune response. These cells were not
present in control lung lobes of immunized dogs.
MATERIALS AND METHODS
Two 4-yr-old beagle dogs raised at our institute were
used in this study. They were fed 350 g of dry dog food
once a day (Allied Mills, Chicago, IL), and water was
available at all times. Each dog was given a physical
exam at the beginning of this study and found to be
healthy. Prior to immunization, the dogs were anesthe-
tized with 4% halothane gas (Fluothane, Ayerst Labora-
tories, New York, NY) in oxygen. An Olympus fiber-
optic bronchoscope (Model BF-4, Olympus Corp of
America, New Hyde Park, NY) was used to identify
specific airways for immunization. Sheep red blood cells
(SRBC), autologous dog red blood cells (DRBC), or
saline were instilled into specific lung lobes as previously
described [1]. One milliliter of SRBC in saline (1010
cells/ml) was instilled into the right apical, right cardiac,
right diaphragmatic, and right intermediate lung lobes.
The left cardiac lung lobe received 1 ml autologous
DRBC (lO’#{176}cells/ml), while the left diaphragmatic lung
lobe received 1 ml saline. The left apical lung lobe was
used as an unexposed control lung lobe.
The dogs were sacrificed by intravenous administration
of pentobarbital followed by cardiac exsanguination 12
days after immunization. This is the approximate time of
peak immune response after lung immunization [3, 7].
The lungs were removed, and the fiberoptic broncho-
scope was used to identify control lung lobes and lung
lobes exposed to antigen. A polyethylene catheter was
inserted through the biopsy channel of the fiberoptic
bronchoscope into each lung lobe which was used for
immunization or as a control. The bronchoscope was
then removed, leaving the catheter in the identified air-
way. Each catheter was firmly secured by placing a
ligature around the proximal portion of bronchus of the
lung lobe. Each lung lobe was excised and perfused
through the catheter with modified Karnovsky’s fixative
[19] at 30 cm pressure for 24 h at room temperature.
Each lung lobe was sampled at several sites after fixa-
tion. Rectangular portions (3 x 4 x 20 mm) were cut
from the lobes distal to the end of the catheter. Each of
the rectangular tissue pieces was serially cut into ten
slices about 2 mm in thickness. The third and seventh 2-
mm serial slices from each lobe were embedded in par-
affin, and 5-nm sections were stained by hematoxylin
and eosin and examined by light microscopy. These he-
matoxylin and eosin sections were used as a basis for
selecting portions of the adjacent 2-mm slices for trans-
mission electron microscopy studies. Selected tissue slices
from the right cardiac lung lobes which contained cellular
infiltrates were cut into ten blocks, postfixed in 2% 0504
containing 0. 1 M cacodylate buffer (pH 7.2), washed and
dehydrated in ethanol, and embedded in Epon. One-
micrometer-thick sections were cut from six blocks and
stained with toluidine blue for light microscopy. From
these same blocks, pale gold sections were prepared
using a diamond knife on a LKB8800A Ultratome ifi
(LKB-Produkter, Stockholm, Sweden), mounted on un-
coated 200-mesh copper grids, and poststained with ur-
anyl acetate [20], and lead citrate [21]. The lower right-
hand corner of each grid square covering one section was
photographed in a Hitachi HU-11C electron microscope
(Hitachi Ltd., Tokyo, Japan) at 75 or 100 kV. Photomi-
crographs were prepared, and the number of lymphoid
cells, macrophages, and neutrophils present in the alveoli
were counted and expressed as a percent of total cells.
RESULTS
The light microscopic evaluation of hematoxylin and
eosin stained tissue sections showed that the left apical
lobes, which received no antigenic stimulation (Fig. la),
and the left diaphragmatic lobes which received saline
(Fig. ib), were relatively free of any cellular infiltrate.
The left cardiac lobes (Fig. ic), which were exposed to
autologous DRBC, had slightly increased numbers of
macrophages in alveoli compared to the left apical and
left diaphragmatic lobes. There were mild perivascular
infiltrates of lymphocytes and macrophages surrounding
some small venules and larger vessels.





FIg. 1. Comparison of control and ImmunIzed beagle lung
lobes with hematoxylln and eosln stained sections. x 500. a:
No immunization. b: Saline. c: Autologous dog red blood cells
(DRBC). d: Immunized with sheep red blood cells (SRBC),
showing a perlvascular Infiltrate (arrow) and lymphold cells on
the lumen of a vascular wall (arrowhead). The cellular Infiltrate
The right lobes were immunized with the particulate
SRBC antigen (Fig. ld-f). The evaluation of tissues from
each of the immunized lung lobes by light microscopy
showed similar responses. Blood vessels in the immu-
extends Into the alveolus (A). e: Immunized wIth SRBC showing
lymphoid cells at the periphery of a lumen (arrowhead), a pen-
vascular infiltrate in the interstitium (I) and large Intra-alveolar
aggregates. f: Immunized with SRBC showing large lntra-alveo-
lar aggregates.
nized regions were congested with large numbers of
mononuclear cells; lymphoid cells were seen with rela-
tively large areas of their plasma membranes in close
apposition with the endothelial surface. Relatively few
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TABLE 1. Percent Cell Types Counted in Transmission Electron Microscope








Dog 1 50.4 23.3 15.8 2.3 8.2 133
Dog2 69.3 18.4 5.4 0 6.9 130
Interstitial tissues
Dog 1 0 22.7 6.7 0 70.6 163
Dog2 0 26.6 7.8 0 65.6 154
aCells that could not be identified by morphologic characteristics.
erythrocytes were seen in these blood vessels. The en-
dothelial lining of the vascular tissue appeared to be
intact, and no cells were observed transversing the en-
dothelium. The perivascular infiltrates were predomi-
nantly mononuclear cells (Fig. le,f).
The alveoli adjacent to the perivascular infiltrates fre-
quently contained compact intra-alveolar infiltrates of
cells (Fig. id), which in some cross sections nearly filled
the entire alveolus (Fig. if). Some alveoli contained
smaller or more diffuse clusters of cells. Because tissues
were taken at 12 days after immunization, few neutro-
phils were observed. The alveolar septa in the reactive
regions of the immunized lung lobes appeared thicker
and more irregular than the alveolar septa in the control
lung lobes.
The numbers of alveolar macrophages, neutrophils,
lymphocytes, and plasma cells present in the immunized
lung lobes were identified on transmission electron mi-
croscope photomicrographs and counted. The morphol-
ogy of lymphoid cells in the interstitial tissues and alveoli
of immunized lung lobes varied from small lymphocytes
through mature plasma cells, which were identified by
parallel cisternae of rough endoplasmic reticulum mem-
branes. Approximately 130 alveolar cells were identified
in transmission electon microscope photomicrographs
from the immunized lung lobes of each of two dogs. Of
the alveolar cells identified in each dog, 23.3% and
18.4% , respectively, were classified as lymphocytes (Ta-
ble 1). The interstitial tissues contained a similar percent-
age of lymphocytes (22.7% and 26.6%). Because of the
difficulty of distinguishing type I cells, fibroblasts, and
endothelial cells, the number of cells which were not
classified in the interstitial tissues is higher than in the
alveoli.
Large numbers of plasma cells, identified in transmis-
sion electron microscope photomicrographs, were pres-
ent in the alveoli (15.8% and 5.4%) and interstitial tissues
(6.7% and 7.8%) of both dogs (Table 1). Plasma cells
were frequently seen in contact with alveolar macro-
phages (Fig. 2a,b). The varied morphology of the plasma
cells suggested that they were in different stages of mat-
uration (Fig. 3). No plasma cells and few lymphoid cells
were observed in transmission electron micrographs of
tissues from any of the control lung lobes, and counts
were not made.
DISCUSSION
Previous studies have described the histological
changes in the lungs of dogs produced by the instillation
of particulate antigen [5 , 22, 23]. The results showed
that instilled SRBC are initially phagocytized by pulmo-
nary alveolar macrophages, and that within a few hours
after immunization, increasing numbers of neutrophils
enter the immunized lung [22, 23]. The examination of
lung tissue 4 days after immunization showed an increase
of lymphoid cells in the perivascular regions [5] . Perivas-
cular infiltrates were seen in immunized lobes starting at
5 days after immunization, with the gradual development
of increasing numbers of intra-alveolar mononuclear ag-
gregates. Perivascular infiltrates were also observed in
the present study. Large numbers of lymphoid cells were
present in the venules, some of which are in direct con-
tact with the endothelium. These observations further
support the hypothesis that in primary immune re-
sponses, immune lymphocytes are recruited from the
blood into the lung [5].
The presence of plasma cells in the alveoli and intersti-
tial tissues of immunized lung lobes suggests that they
are the source of locally produced antibody observed
after lung immunization in addition to antibody which
enters the lung by transudation from the vasculature [5,
17] . The presence of lymphoid cells in perivascular infil-
trates and in the intra-alveolar aggregates that vary in
maturation from small lymphocytes through mature
plasma cells also supports the concept that antigen-spe-
cific lymphoid cells enter the immunized lung (possibly
as lymphoblasts) [24] and mature to plasma cells.
Studies have shown that lymphoid cells secreting anti-
body are present in blood [10-13], and in lavage fluid
and tissues of the normal human lung [14-16]. Lung
lavage fluids from individuals with lung disease contain
large numbers of AFC [15, 16]. Because AFC in lavage
fluid from the human lung are usually identified with the





Fig. 2. Immunized lung lobe with intra-alveolar cells consisting of plasma cells (P)
and macrophages (M). a, x 8,000; b, x 7,000; c, x 5,000.
reverse hemolytic plaque assay, it is possible that these ture plasma cells in immunized lung lobes in the present
AFC are releasing preformed antibody rather than se- study supports the possibility that AFC in the lungs of
creting antibody [18]. However, the identification of ma- humans are producing antibody. A comparison of data
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Fig. 3. Plasma cells showing apparent differences in maturation (a-d) in the immu-
nized dog lung alveoli at 12 days after immunization. a, x 9,000; b, x 9,000; c,
x 11,000;d, x 9,000.
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from chimpanzee, cynomolgus monkeys, and dogs indi-
cate that the dog has basically the same lung immune
response as observed in nonhuman primates. The limited
data available from humans [10, 11, 15, 16] also suggests
that the dog is probably a good model for human lung
immunity. If AFC identified in lavage fluid from the
human lung are actively secreting antibody, additional
data are needed concerning their roles in immunologic
responses normally providing defense, as well as the
possibility that elevated numbers of AFC in the human
lung may lead to lung damage.
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